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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide an organic EL element 
capable of driving at low voltage despite its thick film structure. 
SOLUTION: In the organic electroluminescent element 1 provided 
with a positive electrode 1 2 and a negative electrode 1 6 forming a 

pair of electrodes, and a luminous layer 14 made of an organic ^.,^^j.^j^y, 
compound interposed between the electrodes, a charge transport ^ 
layer 13 made of an organic compound exists between at least 
either the positive electrode 12 or the negative electrode 16 and 
the luminous layer 1 4, and that, the charge transport layer 1 3 is in 

a laminated state through an inorganic compound layer 17. y v v y y y YV Ji ^M 
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o^ — ^w^. 3 ->^jv- 2 -•^^^;v^> 4 1 -^^•^^v^. 4-><-^;v-i 
-T>b'J;v*. 4' -^<?-;i/e7ji^;v^;vS, 4" - t -:/^jv-p-^-7ji-;1' 
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^vS> 1 --^^ v^y 'J ^u^^ 3 v^y »; 4 ->r y %y jw^. s-W'v^yu 
-JVE> 5 ^■9-'J:=.JvS. 6 -^y ^-9-'; 1 -*;^/^^/';;^^^ 2-*jI' 

n 2 -:7 >J7. >.) 3 - 7 ^ > 7. U — 4 - "7 -^ 

-}\^^. 2-m^)~j=.)\^^. 3-mvv-)uM. 4-T^";v~;m^ 9-t^')'J 

1. 7 -7 Ji-^>';^a 'J >- 2 1, 7-7j^:h:^xn«;>'-3-'<;i' 10 
^> 1, 7 -7i-^->^n U V- 4 --f 1. 7 y 5 --f 

1, 7 -7 Jl-^>;^D 1; >- 6 -'f jv^. 1, 7 -7 >- s-^ A^^. 1, 

7--7if->7.nU >-9 JV^, 1. 7 -yi:^>'^^ «; >- 1 0 -'f 1, 8 

-•7 j^^>';<>n V 2 --f 1, 8 - -7 j^^>;^c"J 3 --Y ;vB> 1. 8-7 

V >- 4 --f 1, 8 - 7 ^ n V > - 5 - -f -'l'^, 1, 8-y^± 

>>^ny >- 6 -^;i/^> 1, 8 -7 jL-^VJ^nU 7 --f^v^, 1, 8-7Jc:^v;^ 
n >; >- 9 -W" ;v^> 1. 8 - 7 j^f->;^n ij V- 1 0 --f ;v^> l, 9-7:t:^>';^^ 
'J > - 2 - jw^. 1, 9 -7 j^-^>;^n 'J 3 --f JwS. 1, 9-yj:.i->7.u^)> 
-4-^)1^^. 1. 9-7j^:?-^:^n>;>-5--f 1, 9 - 7 Ji*f:^;^a >; 6 

1. 9-7i:^^'X^';>'-7-'^;^S> 1, 9 -7 j^-^>;^n v 8 20 
^vSx 1, 9-7ji*f:^7.D'j >- 1 0-^;^^^ 1, 1 0 -7 j^th^xn 'j 2 --T 
^vS. 1, 1 0 -7 3 --f 1, 1 0 - 7 i-^^;^!^ v 4 

^v^. 1, 1 0 -7 j^-^vj^n 1; 5 -W" ;i'S> 2. 9 -7 J^:^:^:^^lJ 1 — f ;p 
2, 9 -7 Ji:?->;^n >; V- 3 --f 2, 9 -7 4 --f 

2, 9 -7 j^>>;^n 'j >- 5 --f >>i'^. 2, 9 -7 j^>?->;^n >; 6 2, 
9 -7ai^>;^cn; >- 7 ;v^> 2, 9 -7 >; >- 8 JVS. 2, 9- 
7Jt:^V>^^ V >- 1 0 2. 8 - 7i:^>';^^ y V- 1 ;v^, 2, 8-7 
x•:^>7>D U >- 3 --f ^VS. 2, 8 -7 V >- 4 2, 8-7^^:^ 
>7.n'; 5 --f JV^, 2, 8 -y jL-^-yT.xj^} y- e )^^. 2, 8-7ji-^>7. 
D'J >-7 -'f ;V^. 2, 8 - 7i-:?->;^D V >- 9 — f 2, 8-7i:^>';^nn; 30 
>-lO-'f^vS> 2, 7 -7 j^-^>7;a >; 1 -w>>v^> 2, 7 - 7i-^>'7.n y 
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1 -7Jty 2 -7 ^^j-i^-;!/^. 3 -7 j^y ^r-if-^^-^v^, 4 

-7^y ^-y-v^-^vS^ 1 0 -7^y ^-^--y^;!/^. 2 4-:i-^-9-v 
5 2 -:^^^-yT^/';;i^^> 5 vt:/-; ;i^s> 3- 

7 9-^f— ^l'^. 2-^J^-;v^. 3-^-x:=.jV^, 2 - p< ^iHi n - ;i/ - 1 - 2 40 
-p{ •f-;nfn-;v- 3 -'f ;vS. 2 -p«^;V'trn-;i'- 4 ->f 2 n-jw 
-S-Wjw^x 3 -y 'f-;Wfern-;v- 1 --f 3 ->< •f-JVt:*n-;v- 2 -W^v^^ 3 

-:A^)V\^u~ )V- 4 3 - :*^}i'k£xJ'-)U- 5 —4 2 - t - 7''f- t: n 

4 -H' 3- ( 2 - 7 i^;v:/n t* n - - i - 2-^-f-;i'- 
1 - -f > K 'J JV'Xx 4 -p< 1 Ki; 2 -y -f-^W- 3 -W" > K'; 4 
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yne;vs. '<y/ntr^vS> n-r^JVS> s-r^JV^. -fvr>?-;v^. t-r-^;v 

^> n-^>f-^^&^ n-^^->;wS> n-'^T'^JV^. n-^^-f-JV^, fcKn^v'^ 
1 -11 Kn^ vJ^f-;^^^ 2 - 1 Kn^^-^jr.'f-ji/^, 2 - Kn^ V 
1, 2 -vli Ka^r->J^-f-;vS. 1, 3-->*Vi Kn^->>f V7'^t^J^S^ 2. 3-v 
V: Kn^->- t -y^^w^. 1 . 2, 3 - h "J t Kn ^ v -/a ^nn^-f-;ixS, 
1 _ ^ n oa.f-;w^^ 2-^najc^;w^, 2 - n y 1. 2-v:J'na 

J^^^w^x 1. S-vrJ'oa^ v^ne^wS^ 2. 3 - v ^ n n - t - JWS. 1, 2 
, 3 - h an-Zn tf;vS. :/n^;;i^;v^, 1 - :ra*-3^-f-JW^. 2 - >''n^jc-f-;v 
2--yu^y{yzr^)\^^. 1, 2 -vrn^i^jp^, l, 3 - v :^n^-f v f 
2, 3--:^yn^- t 1. 2, 3 - h ^o^-7'oe;i/S. 

1- 3-KJi^;v^. 2-3-KJ^^JV&. 2-3- K-rv JVS. 1, 2- 
v*3-K^^JV^^ 1 , 3 -->*3- F-f VT'nejl/^, 2, 3 - v 3 - K- t - 
.1.2, 3 - h U 3- Kyn tr;v^, T5ypt^;v^. I-T^ycc^jv^, 2-T? 

2 -T^ V-T'f-JVS, 1, 2 - v T 5 ^ 1, 3-->*T5>'-Y 

vynejvS. 2, 3 -->'T5 y - t -r^^vS. 1, 2, 3-b VT5y^ne;i/S. 

1, 2-->*>'Tyj^^>>l'3&. 1. 3 -v->Ty -< V^nejV^. 2, Z-V'yTJ-t- 
1. 2, 3- h';->Tyy'oe;v&. -ha^-f-;i/^. 1 h ui-f-;u^, 
2-::^ hnj:.f-;vS> 2 h V 1, 2 -v'^ bn jc-f-ji/^, 1, 3--/ 

:::.hn^v^nfer;vS. 2. 3 -V- hu- t -r'^JV^. 1, 2. 3-hU-hay'a 
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fqi:LT»±. ;>t^;v^, T'ne;^^. V tr;v*. n-r^;V^. s-'T 

n-*i^^;V^. k Fn^->p{^;vS. 1 - Kn^->ji-?^;ix^, 2-tKn^->cc 

2 - 11 Kn^i/^ V-r^;V&. 1, 2 - v li Kn^ VJ-^^wi, 1. 3--:/l:K 
ni|r->'f vy'n 2, 3 - v't Fn t - 1, 2, 3 - h V li Fn 
^-^ynejv^. ^ X3X3 1 nnai^;V^, 2 - n uol'^jV^, 2-^^^ 
a>fv:/-^JwS. 1, 2-->'^'nojc^;v^, 1, 3 -->'^' nn^ v:/n 2. 3 
-i;^nn- t 1. 2, 3 - > V rJ' nn e;v^. rn^^^;v^. 1- 
yn^jc^jwS, 2 -•rn^aif-;v^, 2 - ^n^W" V r^;v^> l, 2-vyxi^:u^ 

1. 3-->'^a^^ v/n ejv^. 2. 3 - vt'o^- t --^f-JW^. 1, 2, 3 
- h 'jyn^yne;i/^, 3- Fp{^;v^> 1 - 3 - Fj^-^;vS> 2 - 3- FJi^;Pii. 
2-3-- F-Y v:rf-;vS. 1, 2 -vfs- Fj^^jwS. l, 3 -i^3- F^f vyne;v^ 
. 2. 3 --^3- F- t --^^JV^, 1, 2. 3 - ^ «; 3- FT'n T5y^-^;V 
i-T^yj^^;w^. 2-T^y^f^;v^. 2 -r^ y-f vrf-;i^^. i, 2->^t 
1, 3--yT?y'fvyne;i/S^ 2, 3 -i^T5 y - t 1 
, 2, 3 ^ ^ U y tf Jl/^. ->T>' p« ^il'^. 1 -->Ty J^f-^V^x 2-v'Tyj^ 

2 -->Ty -f vy^;p&, 1. 2 -->'vTy ji^;^^. i, 3 -i^->Ty 
nejp^, 2, 3 --y->Ty- t -r-f-jw*. 1, 2. 3 - h u->Ty tr;w^. h 

n;Xf-;w^. 1 h ncc-^;i/^, 2 h n jnf-;v^, 2 -~ h n-f v:^^;v^. 1. 
2 huj:-^;i/^, 1. 3 -->*- hn^ vyn e^uS. 2, 3 - v^- h n - t 
;w^> 1. 2, 3- F hnyne;V'^^;!>«^tf t>*t^o 
[0 0 3 5 1 
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jvi, 2 - 7 ^ — ^l' 1 - y ^V-f V :/n fc* 2 - 7 i — ^l' 



(10) 



JP 2004-349007 A 2004.32.9 



Wvynt'jv^. -i-y^)i^:^^}V^. 1 - /J 2 - /? -:^■7■^)^ 
if-^i'S. 1 - ^ --^-^-^JW-^ V 7'n e Ji/^. 2 - -i-y-9-}V^ yyvii^jvM. l - t:* 
D JPp^-^^^v^x 2- (l-eu<;;v) p -pt Vv;w^^ m-^-f-^^-^ 

Vv^U'S^ o -^■f-;v^>->*^i'^> p nn^>->';w^. m- nn^>'i;;v^, o- 

p-3- K^^i/Ji'S. m-3- K^Vv^-'i^S. o-3-K^>v;vS> p-v:Ka 

v-y^i'S. m-T5 y-^VvJi'^^ o -T 5 y ^>'>'JV'^> p hn^y m- 
h n^^-yju^. o — — h D'^>'-:^;u^. p — v'Ty^>'-y;i'^. m-->ry ^vv'jw 
0 -v'Ty ■^>'-:^;vS. 1 Kd^->- 2 - >'i — ;i"f V-/ue;v^. l-:?^uu 

- 2 - 7 ^ - JV-f V y n e;V^%:&s^»f P> *L&o 
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t < l±^S3ft0^11^§&5 ~5 OOT »; -->V:t^>'^li-0 Y' Y' <0 

intLn±y^:^}V&. 1 -i-y^J^&. 2-i-y^)\'&. l-TV^VJ^S^ 2-t> 

h';;^'!^. 9-T>bU;V^, 1 --7 Ji-^V h -fVS. 2 h U Jl/^. 3-7^ 
:^>^'J;^^, 4 - :7 y h V 9 - "7 h i; 1 -:^ 7 2 

-:^7^'-fc: — Ji'S. 9 -:^■7^5'-b-J^^^ 1 - U-^z-JV^. 2 4-^1^ — 

•7 Ji-^V/- 4 ;V^, p -^-7 J^-^W- 3 -'I'E. p -^^:7jLr^Jl/- 2 --f^v^ 

> m-^' — 7^— 4 — 'f m-:5' - 7 j:.— ;V- 3 --f m - — :7 ;W — 

2->f ;v^. o - h m- h V p-hUJV^. p - t -T^f-jv^ j^-jp^. 
p- (2 - JVT'aii*;^) — 3 -p'-f-JV- 2 -•:^7^;^^> 4-;<'f-;v- 

1 -:h:7-?-.>v^^ 4 1 -T> f 4* -^■^;vtf:7ir^;u^;w^, 4" 

- t -y^jv- p - ^^-7 j^— jw- 4 --^ 2-ti'a';;vS, 3-fcrt3';^vS. 
y-jw^. 2-ev-yc=.;vS. 3 -e'J->*-=-JvS. 4-e';-:/^;w^. 2-'f>KU^v^ 
. 3 > ;v^> 4 V K V ;v^^ 5 KU 6 --f > FU ;v^. 7 

> F y 1 — f V -f > F 'J 3 — f v-<> F 'J ;v^> 4 — f V W > F 'J 5 
--^^ v-f V FV ;va. 6 > F';;v/^. 7 > FU Ji'S. 2--7U;v^> 3 

2 — V*"7 3 -^>' V7 ^ — 4 — > V7 ^ ^^-JV^. 5 

-^W77^;v^, 6 -^>V:79— JVB. 7 V:7 9^^^^. 1 y^y^J'y 
^-=.;wi. 3 V7 -^^^v^, 4 --^ v^:^ V7 9 5-^v-^>v*"77 
6 --f v^vv^^-jv^. 7 -H" v^>^/7^::^;v^. 2-4ry';;v||. 3- 
^7U;v^> 4-^y'j;v^. 5-^>";jv&. 6-^y';;vS. 7-^y';;vS> 8- 
1 --f y 0 ii'*. 3 --f v^y; ^w&x 4 --^ v^yy^i'^. 5 — fv 
6 --f v^yj 7 v^y u 8 --f v^y; jv^^ 2-^y 
i^-9->; S-^y^-ifU-^v^. >»w^, 1 - ;W^V'; 2 

jv^^ 3 -*;^/^'v''; 4 jw^v; l -7 

2 3 >; ->'-jwE. 4 -y:^i'>:^')-J=-)i^& 
, 6 -7 -:^-;vS> 7 -^o^-^-v:^'; ->*— ji'S. s v^— 

9-y:x.^>:^^)z^^-}i^m. 1 0 -7 U i - r^^ 'J 2-t 

^'i;v-^;V^, 3 -T^"; ->'-^W^. 4 -Ti? 9 - T tJ"J v^- JV^. 1. 7 

-7i^:^xn «; 2 --r i. 7 - 7 ^ «j 3 --f 1. 7 --7 
:3^-r-yy(,X3 V > - 4 - 1, 7 -7 >; >- 5 -'T JV^. 1. 1 -y x.± 

>7.n «j 6 --f 1, 7 -7 ji-?-:xxn V 8 --f 1. 7--7j^:f>';^ 

n 9 JV^s 1, 7 >j V- 1 0 ^v-Sx 1. 8-7i-^-^xn 
«; >- 2 Jl^S. 1, 8 -^i-^i'J^n 'J 3 ->f ^W^. 1, 8-7J^-^>^a'>>^ 
-4-'f;v^. 1, 9,-y ^"i-y 7.'a^)y-^-y{ 1, 8-7i-:h>;^n';>-6 

1, 8 -7i:^>:^a V 7 --f -'W'^. 1, 8-7i-^->P^n«;^-9-'f 
;v&x 1, 8-7ji-^->;^n'J >- 1 O-'f ^w^x 1, 9 - 7 j^:^>xn «; 2 — f 
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1, 9 -7i:^>;^^ y 3 -'f i, 9 -7^:f>;^n u 4 --f juS. 

1, 9 -7 i; >- 5 — fjw^, 1, 9 -7 t; 6 1. 
9 -7i^:^;^n'j >-7 --r ^v^N 1, 9 -7 j^^>:^a «; V- 8 --f JvS> 1, 9- 
7i^Vy?.o>J 1 O-'f JU^s 1, 1 0 -7 «; >- 2 --f JWS. 1. 10 
-y.r^yxu^)>-3-4)i'^. 1. 1 Q -7i-^>':^n 4 iW^. ] . 10 
-y x-i-y ^} > - 5 2, 9 -7 V >- 1 --f JV'S> 2, 9-7 

3 -'f ^I'S. 2. 9 - 7 i-^>;^n »; >' - 4 -'f Ji^^^ 2, 9-7^-^ 
>7.n g 5 ->r 2, 9 -7.-c-?->::^n U 6 2, 9-7i"^>x 

y- 7 2, 9 -7aL■^>7;^ 'j >- 8 'I'-'WS. 2, 9-7i:^>'7.DU 

>-10-'fJi'&x 2, 8 -7i:^^J^n 'J 1 -'f 2, 8 -7 j^'^->;<. a U >' 

- 3 — f -(V^^ 2, 8-7Ji:h>^cn;>'-4->f 2, 8-7Ji-^*>7.u'J>-5 

2. 8-7JL-t->';^a';>-6-'f>'l'^. 2, 8 -7 ^^f-VJ^n V 7 
2, 8 -7 j^-^VT.n'j 9 2, 8 - 7 Ji-^>y?.n »; - 1 0 --f ;v 

2, 7 -7aif->'7.o U>- 1 2, 7 -73i:?->;^n V 3 Ji^^. 

2, 7-7j^:^>:^ny >-4->f 2, 7 - 7 J^n U 5 ->f 2, 
7 - y aLi-y:x,a^) y - 6 2. 7 - 7 >7. n > - 8 --f 2, 7- 
y ^i-yy.uv y- 9 2, 7 - 7 n 1; > - 1 0 — f i-yjLi- 

2-7a^^v-JV^. 1 -7 -^Tv--^^^. 2 - 7 ^ -7-;wS. 3 
-7 f-T-7^^vS. 4 -7 J^7^T-7-^>l'^^ 1 -7 Ji>'^-»?-v^-JV^> 2 - y y 
i|r-9-v-;l'S> 3 -7iy ^-ifv-JV^^ 4 -7a.y 4r-*fv-^V^. 2 - :t ^-^J- V U 
. 4-:^^^VVJW^. 5 2 -;i-+-ij-->*TV''J JU^^ 5 -;i-^^->'T 
VV^i'S. 3-79-»f-;v*> 2-■^J^-;^S^ S-^j^-^v^. 2 -^f-J^t^D-;^- 
l--f;^S. 2 n- JP- 3 --r 2 -.T^^^VfeTn- jv- 4 --f ^l'^> 2- 
;;t-f-;uen-;p- 5 >>vS> 3 ^Ji-t: o- jv- i 3 n - 
2--f;V^, 3 -p{ ^;peu-;V- 4 3 - ^ ^ n - 5. - -f -'I'S, 2- 
t -r^^wen-^V- 4 ->r ^W^. 3- (2 -7 j^ — ^vyntJ^V) krti-;v- 1 
. 2 -7^ 1 V KU ^I'S. 4 1 KU;v^. 2-^f^;v-3-H' 
VKU^V-^^ 4 ^Jl'- 3 --f > K'; 2 - t -7'^;H KV ^V/ft. 4-t 
1 y h'V )\^^. 2 - t -7'f^^V 3 ->f > KU JVS. 4 - t -7'-?^;U3 V 

[0 0 3 71 

tLXiiy 1 -•ry^)^^. 2--ryf-)v^. i-T>hVJV^> 2-r^yV 
9 -ry I ^) JX'^-. 1 - 7 J:^•:^> b u 2-3^i-^> h u ^v^. z-y^-r 
yyn^^. A - y :^^y )\^^. 9 -7 h 1 -•:^7 ^'-fe^;^^. 2- 
^y ^-t-)]^^. 9 -:^7^-t-;^^. i-n*^^;v*^ 2-trv^;v^. 4-tri^-;v 

2 ^ t'7a^— ^V-f ^PS. 3 - tr7 3i — ^W-f 4-lf 7Ji— JW^f ;vS, p-;J'-7 

4 ->f ^P^. p-:5'-7^ — ;W-3-'<;V^. p - i?' - 7 -;V- 2 -H" ^l'^. 
m-^'-7 J^ — ;V- 4 f m- :J'*-7 Ji^;^- 3 ^I'S. m-^-7:t — ^P- 2 

-'f;i/^> o-YVn^&. m-hV)\^&. p-hU;!'^. p - t -7''^JV7 p 

- (2 -7 Ji — ;V7'D br;W) 7^:=.;^^, 3 - ^ f^-'l' - 2 - "t- 7 -f- JP^. 4-p<^;l'-l 

-•^-7^;v^x 4 -^^^i'- 1 -T> b 0 4' ^;vtr7 Ji::^;^'^ 4" - 
t -T'^-'V- p 7 j^^;^- 4 2-en';;v^, 3 - n »; e9->' 
-}\^&. 2 3 - t*'; ->*^;v3i, 4 -eu -7::^;v^. 2 - K Jl'^. 

3 - V K 'J Jl'^. 4 --f K 5 - > F U -(V^^ 6 - K ^I'S. 7 — ( y 

K';;^^> 1 y-f > F'J Ji^*. 3 --f v-o KU 4 v-f > K v ^v^. 5- 
^ y K >; 6 --f v-f > K V ;v^> 7 --f y w > K u 2 - 7 »; ;^*v 3 - 
7»;j^IIh 2-^>V7v-;^^^ 3 -^>'y7 ^ — -'V'S. 4 -^:/y77^;^^. 5- 
^yy7v— 6 -^y^J'y "7 — 7 -^y^y ^ i-^v^yy'yy 
-;uS> 3 --f y^yyy 7-^1^^. 4 y^yyy s-'fy^yyy^- 
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4-^y';;^^^ 5-^y';;wS. 6-^y';jv/&. y-^/'jjvS. 8-^ 

* U jw^^ 3 - * ;^>'^*y «; 4 - * V i - 7 ^ •^ > ;^ v — ->v^ 
. 2 -7 -y-JVS. 3 -7 ->' — Jk^. 4 - "7 i-t- > V ->*— JW^. 

6 - 7 "J ^i^S. 7 - 7 u 8 --7 ji-^>';^ ->'::^;wSs 9 

V— 1 0 - 7 'J ->'-;vS. i -Ti^ >; v-ji^^. 2-t^ 

3 -r^ -:7^;p^. 4 - r u ->*^;i'^> 9 -t^j"; v^^ju^. i, 7- ^ 

7Ji:^>J^nV >- 2 --f Ji'S. 1, 7-7J^:^>;^^l; ^-s-'f ^v^. 1, 7-y:c 
:;^xj ^) >- 4 1, 7 - -7 al:^>';^^ i; 5 --f Ji'^. 1. 7--7i-^> 
V >- 1. 7 -7i-^->7.nU >- 8--f ;V/S> 1. 7-7j^-^>;^o 
•;v-9-Wjv^. 1, 7 -:7 jc-^:x;^a u 1 0 --f JV^. l, 8-7Ji:^v;^DU 
V-2--fJV^. 1, 8 -7i-?->;^ni; V- 3 JV^> 1^ 3 j,^>;^o >J V- 
4--f;v^. 1. 8 -■7i:^>;^o'; >- 5 -W" JV^. l, 8 - "7 J^:^>'^ o >; > - 6 - 
•^'^^^^ 1, 8 -T7 >- 7 Jl'^> 1, 8 - >' n 'J 9 ^l' 

1, 8 -7 J^-^>:^^'J 1 0 -'f i, 9 -y v > - 2 )vM 
^ 1, 9 -^j^-^-^XO'J >'- 3 --Y^V^. 1, 9 - 7 jc-i-v^?. a > - 4 1 

, 9 -7 >- 5 i, 9 »; >- 6 i, 9 20 

-7i:^>;^n«; >- 7-'f;wSN 1. 9 - 7 V 8 --T 1, 9-7 

i^fvxau^-io — f^i'^s 1, 1 0 -7i-^>';^a 'J >- 2 ;v^> 1, 10- 
37i:^>';^nij 3 --f ^i^^^ 1. 1 0 - 7 j^-^v-xn v 4 1, 10- 

7 j^:^>:^n«j 5 --f 2, 9 -7 j^:^>;^n «; 1 2, 9-7^ 
^>xn 3 --f ^I'S. 2. 9 -7 j^:^:^;^n«j ^- 4 --r ^wS. 2. 9-7^^-^:^ 

U 5 >>^^^ 2, 9 -7ji-^>;^nU 6 --f 2, 9-7i:^V;^^ 

U > - 7 - -f ^vS. 2, 9 -"7 n >; >- 8 --f ^w^x 2, 9 - :h a u ^ 

-10-^;W^. 2, 8 -^j^:^^;^^ U >- 1 -W" 2, 8 -7 U >- 

3- 'f;vS. 2. 8 -■7i•^>;^D V >- 4 — f 2, 8-•7Ji:^>7.o^;>-5- 

2. 8 -7 ji±>;^tn; >- 6 --f ;VS, 2, 8 -7^:h>-;^n V 7 --f ;V 30 

2, 8 -7i:^>>^>n ij >- 9 --f 2. 8 -7 u >- 1 0 

, 2, 7 -7j^-f >y^n>j >- 1 2, 7 - 7 j^-^->;^n V > - 3 2 
, 7 -7i:^>;^^ »; >- 4 --f 2, 7 -7 j.-^-:';^n »; >- 5 — f;vSs 2, 7 

-7 V >- 6 2, 7 - 7 > 7. n V > - 8 --T ;V^, 2. 7-7 

jc-^->xn U >- 9 --f 2, 7 - 7 ^ d <; > - 1 0 l-7J.:^->' 

2 - 7 1 -7 3^^ '^"TV— jvS. 2 -7 j^y-f-Tv^— 3- 

7 ■f-T->*-;l'S, 4 -7^y ^T~>' — 1 -7j^y ^•9-i7.=.;i'^, 2-7aiy^ 
3 -7:cy ^-9-i7:=-;V^. 4 - 7 ^ y ^-^-v^;!-^, 2 - V; Jl'^. 

4 - :t^-9-V^'J 5 2 -^^-^fvTV'; 5 ^-^fv^T V 

3 - 7 7-f ^^u^i. 2-^J^— 3 -^jLz=,)v^^ 2 -pt -f-jwif n«-;i/- 1 40 
--<;u^> 2 -y ^;vtrD-;u- 3 2 ^;ni*n- 4 --f 2-y 
■^;i/trn-;i/— 5 --f ^i'^. 3 — ^ n — i --f 3 — ^ f-JW t: 2 
--f 3 ->< -f-^ni 4 --f 3 ^^m'n- 5 --f JV^. 2-t 
-7'f-;H: t3-;i/- 4 -W" 3- ( 2 - 7 ^ ^;i'7*n t: a - l --f ;u^. 

2 -y 1 --f > K'; 4 -y 1 --f > KV ^i'^. 2-y^;v-3-'f> 

K';;i'&> 4-y^;v-3 — r::/K';;w^. 2 - t -7'^;n --i" jv^. 4-t- 
7'-f-;i' 1 -'f > K V 2-t - 7'-f-;i' 3 — f :^ K V ^w^, 4 - t - 7'f-;w 3 --^ > F 

[0 0 3 8] 
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LT^i^f^J^S^ J^^3^&. -/ne^v^. -fvynfc*;v^. n-rf-;vSx s-:rf-n/S 
. -fv:/^JW^. t-y^^i'S. n-^>'f-^V'^> n-^^v'JVS. n-^Zf^)^^^ n 
-^^^■f-JW*. b: Kn^->p<^jv^. 1 - t Ka4rv'-i-'^;v^. 2 - t Ka 
^ 2 -11 Kni|rv-f vr^;uS. 1. 2 -->' t Kn^->j:.f-;i/i. 1, 3 -->'k Kn:^p-> 
>f i7:/n t: JVS. 2, 3 - vv: Kn^->- t i, 2, 3 - h t Kn 
ne;w^. i^nnp{^;u^. 1 - ^ n n 2 -^J' n □ 2-i^nn^y 

yf-Jl'S> 1. 2 -->'^aujcf-;w^^ 1, 3 - a n y 7'n 2, 3-vt5' 

nu- t 1, 2. 3 - b iJ' nn:/ne;i/S. :^a^p<-f-;i/S. l-rn^ 
2-rD^j^-?-;pS. 2 -yu^^ 1, 2 - v:^n^jif-;i.S. 

1, 3 -v'-T'a^^ y 2, 3 - v^rn^- t - y-^-'P^^ 1, 2, 3 - h 'J 

r'n^yn n'ji/S, a-Kpt^^v.^. 1 - a - KJ^f-;p&. 2 - a - K 2-3 
-hMV7*^JV^. 1, 2--:^3-Ki^;v^> 1, 3-->*3- K-f vrne;v^, 2, 
3-1^-3- h'- t -zr^ji^m. 1, 2, 3- >U a- Kyotr;v^. T^ypt^;!-^. i 
-T^yj^^;^^. 2-T5VJ^^;v^> 2 -T ^ y -f v :/-^;V'^. i. 2-->'T5y^ 
1. 3 -vT^ y yyne;V^. 2. 3 - vT 5 y - t -r-f-JVS. 1. 2. 

3- l^.^x^y yne;pS. ->Typ«-^;vS. 1 -yry ^-^jv*. 2 -->Ty j^^jv^ 
, 2-i^Ty^yr^)^&. i, 2 -i^->Ty 1. 3 -f vy'ne;v 

2, 3 -vv'Ty - t 1. 2. 3 - h 'J ->Ty t: jw^. :^hn^f- 
1 h njc-f-;i/^, 2 h aj^<?-;v^. 2 -— h v r-f-JwS. 1, 2-v^ 
-htiJ^-?-;v^. 1, 3-:/- hn-f yynt:;i/^, 2. 3 -->'- h n - t - ^-f- 
1. 2. 3 - h h Dyne;i/S^*«^if 
[0 0 3 9] 

LTtt> 2 -y^^-^v- 1 2, 2--:/7 
^ - 1 _tf - 1. 2. 2 - h') y ^-)^- 1 -^-}^M^^^mifh*ii>o 

[0 0 4 0] 

flbic, 8 -l: Kn^->^y ij y -;VT;V5 ^-i; A^'f$:^<7)^Jg^'»:^. 4. 4' -tfx ( 
[0 0 4 1] 

m2] 
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IBu 




[0 0 4 2] 
[0 0 4 31 

['fk3l 



an 
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(5^: + . A r * ~A r * Ji. SI^XJiita|fe<7>^^^^ 6 ~ 5 O<^)^#10e^> W^Xitm 

U^<r>7.^') ji'MX'i)^^ p 14 1 ~ 4 <7)Slfc-e* 19 . p^2<r>^^. Ar' . Ar* ii^ 

[0 0 4 4] 

-Vi:^>^';J^^^ 2 - h JV^> 3-7i:h> h*;;!/^. 4--7if->'bU 

9 -7 b U JV^. 1 -:h-7^-b— il'^. 2 --^^iJ^-t— 9-i-:7^-b: 

l-tfi^-jw^. 2-brvc=.;v^. 4-bfl^^Jl>^> 2-}fy 3 
- tr-7 j^ — ^v-^ 4 - tfT' i^jw-f p-:?'-:? j^:=.;v- 4 jv^. p-^'- 
•7i— 3 ^i^S^ p-:5'-7jt:=.;v- 2-W';^^^ m-:5' - "7^— Jl'- 4 -^f 
. m-^- 7 J^-JW- 3 ->f Jl'S. m-^'-^iJz.ji/- 2 -'f ^W^. o - h U m- 
p-hU^i'i. p - t — JVS. p- (2 - 7 ;i':/ntr;i/) 7 
3 - ^^--'V- 2 -■:h7^JW^> 4 - 1 4 1 

-T> h *) 4' ^juify Ji— JV"{ 4" - t p- -y :r^=-)l^ 

^ V > 7^ - iP^^*s^»f f> o 
[0 0 4 5] 

jif i L< 2 -±y^)vm. 9-y^i->h')}V^. 1- 

^^tJ'-fc — jv^. 2 --^7 9 -■^■7 ^-b-;v^. 2-i:fv 

4-t:i/-;vS, 2 :7 j^^;v-f ;vS> 3 - e -7 ji-;i/-f 4-e-7j^ — 
;v>f ^P^. o- hV m- h V p - h V )^^. p - t - )Vy 2 

-7;!^:^ V — 9. 9--J:^'f-)V-2-y)V:^Vc:-)V^. 3 - 7 JV:*- ^ > x — ^W^^ 

7&?^jf t>ti;£>o 

[0 0 4 6] 

a^ZJ4*sS!^<o:^^'J ;i^S<^«^Ji: LTti. 2 - 1 - tr^jvS, 2, 2->^7 

1 -e::^;V^, 1. 2. 2 - h V 7 1 - ^ tt.So 

[0 0 4 7] 

^tbicb. )\'-rv:/<r>Xo^M^^^Wiit^m. I r (ppy) 3 <7>J: O'i^Jg^ 

[0 0 4 8] 
['fk4l 
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[0 0 4 9) 

(5) jEiimm^i^ 
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[0 0 5 0] 

LT. h 'J Ty'>-;Uff^# (*g|#l1=3, 112, 1 9 Y-§-^«B#^# 

ra.) . :i-^-9--:^T:/-;Ht^^ (^gl#i^ 3. 1 8 9. 4 4 7 -§-^^#^#08) . 
V- (#^eBa 3 7 - 1 6 0 9 6 > 'J T U - ;v * Vf^^ ( 

3 , 6 15. 4 0 2 -^mmm. mm 3, S 2 0, 989 #^«8»> 1^^ 3.54 

2 . 5 4 4 ^mmm. #^bs 45-555 1^51-10983 -^^n. #§iiiB 5 

1 - 9 3 2 2 4 -^^m. 1^ 5 5 - 1 7 1 0 5 -^^m. 1^56-4148 •^^«> 1^ 5 5 - 

1 0 8 6 6 7 -^^m. ms 5 - 1 569 5 3 ■f-^^> R56-36656 -^<Zr^^#Ba) 

. e^v'u ymmi^Rvy^ y v'uz^ mmii^ (*ii#^^3. i s o. 72 9-§-Ka*> 1^ 

^4, 2 7 8. 7 4 6-^TO#x #^BS5 5 - 8 8 0 6 4-^^$R. PI5 5- 8 8 0 6 5-^ 
^m.. 1^49-105537 -^^l^^x 1^ 5 5 - 5 1 0 8 6 I^56-80051-^ 
P56-88141 1^ 57-45545 1^54-1 12637-^ 

1^ 5 5 - 7 4 5 4 6 , 7^- V> vT ^ ^'^^fr (^Ml^Wmd. 

6 1 5. 4 0 4 ^mmm. #4:^bb 51-10105 1^46-3712 ^^n. m 

4 7 -2 5 3 3 6-^^$&. #liBB 5 4 - 5 3 4 3 5-f-^^s 1^54-1 1053 6"^^^ 
.1^54-119925 ^^mm^m) . r - 5 3 . 5 6 7 

, 4 5 mms. 180, los^mmm. mm 3, 240. 5 9 7-f-w# 

> l^l^3. 6 5 8. 5 2 0#W*ffl^. mm4, 2 3 2. 1 0 3-f-Wffll#> l^^4. 175 
,961 -^§?a«> l^^4. 0 12. 376 ^mmm. ^^BS 49-35702 -^<Zr$R. 
1^39-2757 7^<2:m. #^BS5 5 - 1 4 4 2 5 0-^^J$R> 1^ 5 6 - 1 1 9 1 3 2 ^ 
<2:n. 1^56-22437 1 . 110. 51 8-^?g«B#^#M) , T 

5yStft;&;vn>fl«# (*@#fi=^3, 5 2 6. 5 0 1 . 

(*@#l^l^3. 2 5 7. 2 0 3^mmm^\'m^<^i><^) . :^-f-u;vT>' 
-fe:>Sl^# mmmb 6-4 6 2 3 4-^4^*R##M) . 7;V;i-^y (#liBS5 4 

- 1 1 0 8 3 7-f-^J^^#M) . 11 K7VVsr^# (*a#l»^^3. 7 1 7, 4 6 2^m 
#PiBB5 4 - 5 9 1 4 3-^^^. |pI55-5206 3-^^^. 1^ 55-52064 
(^55-46760 -^^bfS. IWI55-85495 -^-£^$1. 1^57-1 1350-^ 
1^57-14874 9^-2:^. #ll¥2 - 3 115 9 1 . ;^-^;V'-^ 
(#lillB 6 1 -2 1 0 3 6 3 -^-^n. mm 6 1 -2 2 8 4 5 1 ^^n. 1^ 6 1 - 

1 4 6 4 2 -^^n. 1^6 1 -72255 1^62-47646 ^^m. 1^ 6 2 - 3 
6 6 7 4 1^62 - 1 0652 ■^-'^m. 1^62-30255 1^ 6 0 - 9 3 

4 5 5 -f^^^. 1^60-94462 -^-5^^. 1^60-174749 -f-i^^> 1^ 6 0 - 1 7 

5 0 5 2-^^nmmm) . i^^^ymmi^ (^ii#i^^4. 950, 95 o^mmm) > 

iyy>m (i}#li¥2 - 2 0 4 9 9 6-^^^) X T-'; ^^^M-^^ (#11^2 - 2 8 

2 2 6 3^^#) ^ 1 - 2 1 1 3 9 9 "t^^t^PiS^? KTl/^&Mi^^S^^jj- V 

(0 0 5 1 1 

^)Uy^ V yi\L^m (#13118 6 3 - 2 9 5 6 9 6 5 -^^$R^tw||^<7) 'b*??) , 

®i^=«tT^ ^-fb'&f^s.a^^^^'; ;vT5 xb-^!^ {^m^mmA, 127. 412-^^^ 

#liBB 53-27033 ^<^m. |W|54-58445 ^<ii^. (WJ54-149634 
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■^4^^. 1^54-64299 ^'2:^. 1^55-79450 ^^2:^. |^ 55-144250 
1^56-1 19132 -f-^^^. IWI61-29555 8 IWI61-9835 
3-f-i2r*R> IWI63-29569 5 , #|c^§^^HiBtT ^ '^-(k#!fe>«rm</^ 

[0 0 5 2] 

^H#W^5. 0 6 1, 5 6 9-^me^:?*l.Tv^-2> 2#<7)^-^5^#ei^?r^^l*Ii' 

;ri-'&> «^Jx.ifx 4, 4' -if;^ (N- (i-^7f-jw) -N-7i^jvT5y) e-7i 

(liXTNPDtH&lEi-*) . tyi:. i|*il^4 - 3 0 8 6 8 8-^^»»::|B®?*tt:v>«. 
h^)y:c=.)VT^y^=-yhii^3-oy(^^-^^-::^hmK^^^iitz4, 4* . 4" -hU 
;^ (N- ( 3 -p«^;i':7 3^^;i') j^-^vt? y) h 'j 7 j^^;vt5 :^ (J[J^.TMT 

DATA tB&IS-r*) m^m\f^^tf)^-(^^^o 
[0 0 5 31 

[0 0 5 4] 

<D^^^y^^^mi^m<oU^t LT»i. ^^:^y3^>:^') =r-7-^. #11^8 -1 9 3 1 
[0 0 5 5] 

(6) m^=-$i^m^j* 

f^XL»f^ (8-^>";y^f) T;V5^-i? A^-ft: (A 1 q) S-m^lfeM® t UTfflV^S C 

-^:t-^-*J-vTV^-;Ht^'ft:t LTIi. J£iLT<^^ [3] [5] -C^^ t^i&m^feB'fk 

[0 0 5 6] 
[^1:5] 
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r'.Ar*,Ar^.Ar',Ar'».Ar'' ii^fl^'fin^X\tfmn^ 
Ar' ' . Ar* Mi. StftXJ**Rli»<^T U - V^S*^ -5-tL-P*L|^— ei>o-C tj 
[0 0 5 7] 

[0 0 5 8] 

[-fke] 



(24) 



3P 2004-349007 A 2004.12.9 




i 



[0 0 5 9] 
(0 0 6 01 

t/t. J: VJ:B:#6<J»'. Lv>3§7C'r4K-^^•>' b t N a (tt^MS: : 2 . 36 e 

V) . K (.Bimmm : 2. 2 s e v) , r b ij±mmm : 2 . 1 e e v) s.?/c s (tt^ 

9 5 e V) :d^^^-2>Sf;5^<bS*^$*t:2,/J,-'^ < t >{>— o<^T^^* "J ^J^^. C a so 
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iitmmm : 2 . 9 e V) . S r : 2 . 0 ~ 2 . 5 e V) . SU*B a i^mm 

2. 5 2eV) 3j-f>'5r:6P;5^^^^$*t;5,/J?*< t '{>-o<7>TJV* ';±?P^JS*«^»f 
^*i.;&tt^BI^76S2 . 9 e Vl^iLT<^<><?)7&5#ti»t Lv^o CI *t <7) , <J:>9$ftLv^il 

'J^Ji-C^«?x ^i^t^ift L< Ji> R bXliC s "C*. «9 x Loli^ C s-C^-So 

[0 0 6 1] 

^m<r>m^^'^'^Ut\^<. C ^^^A.fzm.^-^^^. nk.ii. Csi:Na> Cs 

i:K. C s t R b^'&vMiC s i:Na i;Kt<?>ia<*5fc-^*>-fr-C^SCtW^ Uv^o Cs^ 

[0 0 6 2] 

_L $ * i> i i: *«-e ^ -6 ^-eftf * L v^o 
[0 0 6 3] 

Na^ s> Na2 s e'diXfn 2i oi)m\fhix. utx^^^T ^) ±m.^m-^ )^^V-r'< V 

b LTIi. «n)x.»f. C a 0> B a O. SrO. BeO^ BaS. J^XfC a S eiim^fhiX 
So laP^ tv>T;V* U^Jg<^^^^r>'^k^t LTJi. inix.Jf. L i F. NaF. K 

F. L i C 1 X KC 1 2tt^N a C 1 ^^^mifhfii>o tfz. Lv^T;V;<7 U ±^^J1<?> 
LTJA, Mx.li\ C a F2 . B a Fj . S r F2 , Mg Fa S.U'B e Fj 

[0 0 6 4] 

^ md^&A^$rm^1-S#^^-«:t LTJi. B a. C a ^ Sr. Y b. A 1 . G a, I 
Li. Na. Cd.Mg> Si. Ta> S hJ^VZ n(0^^ < t ii—^xDjcM^^ts^ 

[0 0 6 5] 

(7) 



(26) 
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m> Sft L< Ji5 0-2 0 0 nm-Cab^o 
(0 0 6 61 
( 8 ) 

So 

[0 0 6 7] 

(9) ;t^EL^^<7)f^S^«^ 

E L ^dF * f^SSi- S CI t 4> -C ^ S o 
[0 0 6 8] 

2 0 0 nm<D$&m(OmmK^^ X ^ KM^^^^'^'^y ^ ') > ^^<0:^^iZ ^ *)lf^^^'^f^^ 

1 2 '^f^i&i-So 

Jg5 0~4 50*C. 10"' -10"' torr. M^^^ 0 . 0 1 ~ 5 0 n m/ 

I3>. ^«iajS- 5 0- 3 0 0*0. M)?5 nm- 5 ;/m<7)l^H-eJtri:S«^-r&Clt*'»]i L 

[0 0 6 9] 

C:cDiE?LlfejSe 1 3(0±l^. M^'fk'^i^^l 7 'Sr^nm-Sc-t'nmJ&^-r-&o i<7)^'fk 

A^»^-e*>2>o ^^imc^mm \ i ^r^^-r^m^. ^<7>mm^i^ 

^it^icj: -)!S:i::^*?Iiaj^5 0 0 - 1 0 0 0*0. ^^gf 1 0" ' -10- 

» t o r r . MM^St 0 . 0 1 - 5 0 n m/#, 5 0 - 3 0 0 *C. mm 1 n m 

-2 0 nm<7)^H-eii:i:3l«?r«>c:^*«»* uv/^o 

[0 0 7 0] 

iiK±. iEiimm.mi 3^ifW^it^fS9mi 7 (Dm^i^m^m*)Mi.. lEiimmmi 3^m 
mt. ^Kmmt^j:^^-^K 2-1 omit^tti-t lv^, 

[0 0 7 1] 

iE?LI^M^ 1 3±ic^^© 1 4 =^IS:it&o 1 4<r>m^ii. mn<Dm^^ytm 
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mk^^n^mmit-ri^^Lt\zx^j^m.-r^^&-^K t>tL-^-r<. Tj^oev*; 

[0 0 7 2] 

^tc, :L(D^^m 1 4 ±\^m.^mmm i 5 ^m^f^o jEnmmm 1 3 . 1 4 1 (wi;m 
f^a> iE?L$fir^Ji 1 3 1 [pi^H^jc. m^mmm 15^. Sft^^b-^iKj^ 1 7 ^^lt.©^ L;tfli 
me 1 5 '7)mmmi^i:-mm.ii^j:\^^ijK 2-10 uv>o 

[0 0 7 3] 
[0 0 7 4] 

M^mm^. ^^m^mm (mbes) ^^^^^immzm-A^Lfzmm<or^ yi^^^m. 

[0 0 7 5] 

^^E L^^=-t^ii:-3EmBE«reniJD-r&J^^. + . I^S*-oMt4l^LT. 5-4 

[0 0 7 6] 
[0 0 7 7] 

[^1:7] 
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20 



[0 0 7 8] 

2 5mmX 7 5mmX 1. lmmJ?<^ ITOmmmm.^^ >#i::^f9^&« (->':^-77^^ 

N, N' . N* -xh^ (4 -e :7 - ->'T 5 ^ e 7 V>g (JlJlTs TBDB 

[0 0 7 9] 

f^'t-bv'^A (C sis : -If J^X^^;' ^-ttiS) 1 0 nm*^*L^o ^*<^Jt^liH 

C:<7)±IC, ^fe3^^|^*|HTBDB^«: 6 0 nmm*b;to 
[0 0 8 0 1 

C:<7>TB DB^±lc^ IK)?4 0 nmO^i^;^ h H 1 *^*L^lilL/Co 
^tLT. hD 1 **^^L7to Cl<?5t t<^3^0ifcli. H 1 : D 1 = 2 0 : 1 ( 

C:<7)^. LTL i 1 nm^*L7to 

ifeJSA 1^15 0 nm<Dm^Kmm\.. ^Jgl^^^r^ L^«IE L|il3fc^^«r?^ 

EE L?to 
I 0 0 8 1 1 
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C:o;r«IEL^^t^ov^T. 1. 0 0 0 ni t <^#Jg-C|S3fe?*fcl^oSgSimBE . 
ffjg (L0)'&1. OOOnitt LX^^^'^fzt%(0^m.m^^m&Lfco 

[0 0 8 2] 





(® 1.000 n i t) 


(L0=1.000n it) 






5. 8V 


1. 500h 






7. 5V 


1. 400h 






8. 3V 


1. SOOh 






7. 8V 


1. 300h 






6. 6V 


1. eooh 





[0 0 8 3] 

^(o^^E Lm^^'knmm i t mm^mmi^tzo 

[0 0 8 4] 

vi<o±ic. mm 4 0 nm<D HI ^mmL^m\^i-zo mmz^^^^tx^x. K-/N*>hD 

1 0 nm^mmi^tzo mm<7>itmii^Mit^ 1 0 nmlci^L. 
^•y^k-fe-^^/A 0. 1 nm^II|t-r«,Jt^lcL7to c:<?>Ml4SR^'fk'&!^^ t LT^t|-r^o 
K)?2 0nm<^)Al q $rM^'fk'g-iej©<7)±tc^» L^M 1 t 

[0 0 8 5] 

Lfzo cKomi^ELm^^^mmi tmm^wmLfzo 

[0 0 8 6] 

JtiS!«»J3 



(30) 
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[0 0 8 7 ] 

— 1 0 5t:-ei 0 Qmm^^LfzWi(o. ^^ELm'^<o')--^ (o^M'irm^fct^^ 

[0 0 8 8] 

[0 11 :^?tm<D-^mji^m<Dm^ELm^<ommmx-^:i>o 

1, 2 ^«3IEL^^ 

1 1 ^« 

1 2 

1 3 iE?Llfe^^ (m^^«r^^) 

1 4 

1 5 ni-^^m mmnmm) 

1 6 i^M 
1 7 



[HI] 



<<<<<(< 



^^^^ 



